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Assessing the role of a putative response regulator in sunscreen 
biosynthesis in the cyanobacterium Nostoc punctiforme ATCC 29133 
 
 
Abstract 
 
Under exposure to ultra violet radiation (UVR), some cyanobacteria can 
produce scytonemin, which is a yellow to brown, lipid-soluble, non-
fluorescent, very stable sunscreen compound. A genomic region associated 
with scytonemin biosynthesis has been identified in the filamentous 
cyanobacterium Nostoc punctiforme ATCC 29133 (PCC 73102) that 
contains 18 adjacent genes transcribed in a single direction. Most of the 
genes in the upstream region of the cluster code for unique proteins and 
are expected to be involved directly in scytonemin biosynthesis. Further 
genomic characterization of this gene cluster has revealed a putative two-
component regulatory system (NpF1277 and NpF1278) upstream from the 
cluster that is conserved and is likely involved in scytonemin regulation. In 
this study, we will inactivate the putative response regulator NpF1278 to 
determine its relationship with the scytonemin biosynthetic gene region. To 
accomplish this, we prepared a plasmid construct by fusion PCR which 
contains an in-frame knock out of NpF1278. The sequence of the knock out 
on the plasmid has been confirmed and we are currently inserting the 
plasmid into N. punctiforme through bi-parental conjugation. Once the 
mutant strain is complete we will observe the effect of knocking out this 
gene on sunscreen production. Furthermore, to observe the interaction of 
NpF1278 with the putative promoter region of the scytonemin gene cluster, 
we have expressed the protein with IPTG and are now in the process of 
purification followed by an electrophoretic mobility shift assay (EMSA). If 
the protein binds to the promoter region then it is likely that NpF1278 
initiates synthesis of scytonemin.  
 
Introduction  
 
Cyanobacteria are photosynthetic prokaryotes which produce chlorophyll a 
and are found in most terrestrial and aquatic environments that contain 
sunlight. They must live in environments open to solar UVR to carry on 
photosynthesis. Under exposure to UVR, some cyanobacteria can produce 
the sunscreen pigment scytonemin. Nostoc punctiforme ATCC 29133 (PCC 
73102) is the only sequenced cyanobacterium which has the ability to 
produce scytonemin (Fig.1). Upstream from the scytonemin gene cluster in 
N. punctiforme, there is a putative two-component regulatory system (Figs. 
2 and 3) that is hypothesized to regulate the gene cluster. Moreover, the 
putative response regulator, NpF1278, is conserved in N. punctiforme as 
well as in at least three other strains of cyanobacteria.  Therefore, it is 
important to identify the relationship of the conserved putative response 
regulator NpF1278 in to the biosynthesis of scytonemin in N. punctiforme. 
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Objectives 
 
1. To knockout the putative response regulator NpF1278 in N. punctiforme ATCC 29133. 
2. To observe the interaction of NpF1278 with the promoter region of the scytonemin genes 
and assess the function of this putative gene in sunscreen production. 
A fusion product of 1554 bp was confirmed by agarose gel electrophoresis and inserted into pGEM®-T. 
Fusion product was then excised and inserted into the final conjugation vector pRL278 and was 
confirmed by colony PCR and restriction digestion (Fig. 5). Biparental conjugation has been performed 
to insert the final plasmid containing the fusion product into N. punctiforme.  
To observe the interaction of NpF1278 with the promoter region of the scytonemin gene cluster, the 
protein will be expressed for use in an EMSA. The gene product was amplified by PCR with a modified 
5’ forward primer (adding CACC) and reverse primer (include stop codon) and transformed into TOP10 
cells (Life Technologies) and sequenced. Once confirmed the product was inserted to BL21 Star cells 
(Life Technologies) and protein synthesis was induced with IPTG. Induction was confirmed by SDS-
PAGE gel electrophoresis (Fig. 6). 
Fig. 1. N. punctiforme with scytonemin 
Fig. 2. Scytonemin biosynthetic gene cluster in 
N. punctiforme. Soule et al., (2009) BMC 
Genomics 10: 336. 
Fig. 3. Two-component regulatory system 
Fig. 4. Fusion PCR. The blue is the gene and 
black is the adjacent sequence. Com. reg: 
complementary region designed for the fusion 
of both products 
Fig. 5. Confirmation of the presence of 
fusion inserts in pRL278 following 
restriction digestion 
Fig. 6. Confirmation of protein induction by SDS gel electrophoresis 
Isolate genomic DNA 
Fusion PCR (Fig. 4) 
Cloning of NpF1278 into 
pGEM-T and excision 
Cloning of NpF1278 into 
pRL278 
Biparental conjugation 
Phenotype analysis 
Electrophoretic Mobility Shift 
Assay (EMSA) 
